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Available online 30 November 2015AbstractPurpose: This study was planned to evaluate, both clinically and radiologically, the efficacy of using ultrasound based welding
process by (Sonic weld Rx) for fixation of biodegradableplates in pediatric mandibular fractures. Patients and methods: This study
comprised 8 patients, theirages ranged from (2) to (10) years with mandibular fractures treated with open reduction and internal
fixation using poly-D and L-lactic acid (PDLLA) plates by SonicWeld Rx through an intra-oral approach.
Preopertivelly patients were examined clinically by inspection and palpation both extraorally and intraorally. Radiographic
examination via orthopantomograph and computed tomography (CT).
Postopertivelly patients were evaluated clinically immediately, at twoweeks, and at one, three and six months. Radiographically
by Panoramic radiographs immediately and at one, three and six months and Quantitative computed tomography (CT) after one and
three months.
Results: The results revealed primary wound healing in six patients with no signs of infection or dehiscence and two patients
exhibited scaring in the repaired wound, proper occlusion, postopertively except one patient had minor occlusal discrepancies
corrected by elastics and all cases showed stability of the fractured segments.
Radiographic examination for all patients at the different follow up periods statistically revealed significant bone healing.
Conclusion: We can conclude that Ultrasound based welding process by (Sonic weld Rx) for fixation of PLDLA plates and pins
was effective in pediatric mandibular fractures.
© 2015, Hosting by Elsevier B.V. on behalf of the Faculty of Dentistry, Tanta University.
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Mandibular fractures are the most common facial
fractures seen in children represent 75e90%. The most* Corresponding author. Tel.: þ20 1003366597.
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http://dx.doi.org/10.1016/j.tdj.2015.08.003
1687-8574/© 2015, Hosting by Elsevier B.V. on behalf of the Faculty of Dcommon mandibular injuries were condylar fractures
31%, body fractures 21%, fractures of the canine re-
gion 14%, dento-alveolar and angle fractures were
12%, while fractures of symphyseal region were 9.5%.
Falls, sports-related injuries and road traffic accident
constitute the most frequent causes of facial fractures
in children [1e4].
The general principles of treatment do not differ
essentially from those described for adults, but withentistry, Tanta University.
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anatomical development of the mandible and eruption
of the teeth especially during mixed dentition period,
also the lack of understanding and apprehension of the
child makes co-operation with the operator difficult
[5].
When formulating a plane of treatment for pediatric
patients with facial trauma, a number of elements must
be considered. These include the age of the patient (to
maximize growth and development), the anatomic site
(to optimize form and function), the complexity of the
injury (displacement, commination and the number of
sites), the time elapsed since injury (ideal to treat
within 4 days), concomitant injury (fitness for anaes-
thesia and duration of surgery), and the surgical
approach (closed versus opened) [6].
Maxillo-mandibular fixation difficult to be used in
children because of deciduous teeth may either be
insufficient in number or their roots may be resorbed
and permanant teeth may be incompletely erupted.
The shape of the deciduous crown is also not favor-
able for retention of wires and splints, being bell-
shaped with little undercut area [5]. Max-
illomandibular fixation with closed reduction may not
permit accurate anatomic reduction. Although nutri-
tion and airway are concerns, child tolerance and
subsequent compliance are the major drawbacks of
this technique [6].
Internal metal fixation of mandibular fractures in
children, however, can be complicated by a mixed
dentition that can occupy the entire vertical dimension
of the bone and places of the teeth and the inferior
alveolar nerve at risk during screw insertion. In addi-
tion, on going development of the mandible poses risk
of intrabony translocation of metal plates and screws,
risking potential growth and teeth disturbances, diffi-
culty with secondary removal if needed [7]. For these
reasons, the use of resorbable fixation implants in
developing facial bones is particularly appealing [8].Table 1
Clinical data of the patients involved in our study.
No. Age Sex Etiology
1 7 y Male Sport accident
2 2 y Male Fall
3 7 y Male Fall
4 5 y Female Fall
5 7 y Male R.T.A.
6 10 y Male R.T.A.
7 8 y Male R.T.A.
8 2 y Male Fall
R.T.A. ¼ Road Traffic Accidents.Biodegradable plates and screws are used increas-
ingly in oral and maxillofacial surgery. These biode-
gradable plates and screws have several advantages
over conventional titanium plates and screws
including: no need for a second intervention to remove
the devices, no interference with imaging or radio-
therapeutic techniques, no possible growth disturbance
and no thermal sensitivity [9].
However, the use of biodegradable plates and
screws also has introduced several disadvantages: the
bone holes need to be tapped before the screws can be
inserted is time-consuming, the biodegradable plates
and screws represent inferior mechanical strength and
stiffness compared with conventional titanium plates
and screws. To resolve these disadvantages, a new
biodegradable osteofixation system, SonicWeld Rx has
been developed [10].
A new biodegradable osteofixation system, Sonic-
Weld Rx has been developed. In contrast to conven-
tional osteofixation systems, tapping of the
corticalbone layer is not necessary before inserting the
SonicWeld Rx biodegradable pins. A biodegradable
pin is placed onto an ultrasound-activated sonic elec-
trode, called a sonotrode, and inserted into the bone-
hole. As a result of the added ultrasound energy, the
thermoplastic biodegradable pin will melt, resulting in
a flow of biodegradable polymers into the corticalbone
layer and the cavities of the cancellous bone. There is
no cellular reaction due to thermal stress during
insertion. The biodegradable plate and pin head fuse at
the same time. Theoretically, the fusion of plate and
pinhead will result in superior mechanical device
characteristics in comparison with conventional
biodegradable plates [11].
2. Patients and methods
Eight children with displaced mandibular fractures








Symphyseal, right condylar Two
Fig. 1. Intra-opertive photograph showing insertion of SonicPin Rx
simply into the predrilled hole by the sonotrode.
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years were included in this study, (Table 1). They were
seven males (87.50%) and one female (12.50%) The
patients were selected from the Out-Patient Clinic of
Oral and Maxillofacial Surgery Department, Faculty of
Dentistry, Tanta University.
2.1. Materials
2.1.1. Poly-D and L-lactic acid (PDLLA) plates (Resorb-x)1
Poly-D and L-lactic acid is completely amorphas
material consisting of D-lactide and L-lactide (each
50%).
The PDLLA material's complex polymer chains
undergo hydrolysis through absorbing the water con-
tents of surrounding body fluids then the stored water
initiates the degradation process of the long polymer
chains into shorter molecular chains. The human
metabolism subsequently transforms the D-lactides
and L-lactides into carbon dioxide and water. Both
these compounds are finally eliminated from the body
without any residues left. (See Figs. 1e7)
2.1.2. The SonicWeld Rx2
This system consists of Poly-D and L-lactic acid
(PDLLA) plate, SonicPins Rx, Sonotrode which handle
the SonicPins and SonicWelder which is responsible
for the micro-vibrations generated by a defined ultra-
sonic frequency causes the pin's outer surface to melt.
As a result, the SonicPin simply glides into the pre-
drilled hole. With SonicWeld Rx, craniofacial osteo-
synthesis becomes a much easier intervention.
Completely resorbable SonicPin is inserted into a
predrilled hole by ultrasound. Its head merges with the
plate and the pin's outer surface penetrates into all bone
cavities.
All patients were evaluated both clinically and
radiographically:
2.2. Clinically examination
All patients were examined clinically preopertively
both extraorally and intraorally and the data were
recorded according to the oral and maxillofacial
trauma sheet.1 The KLS Martin Resorb-x protected by the industrial property
rights WoodWelding AG.
2 The KLS Martin SonicWeld solution is based on the bonewelding
technology protected by the industrial property rights WoodWelding
AG, Switzerland and has been licensed by this company.2.3. Radiographic examination
Orthopantomograph (panoramic view) and
computed tomography (CT) were taken for each pa-
tient preoperatively.
2.4. Surgical technique
All patients were treated by open reduction and
internal fixation through an intraoral approach under
general anaesthesia via nasotracheal intubation. inter-
maxillary fixation was done and proper occlusion was
achieved. The mucosa was infilterated with mepiva-
caine Hcl with 1:20,000 levonordefrin to provide
hemostasis.
Intra-oral approach through vestibular incision and
the mucoperiosteal flap is reflected to expose the
fracture site. Anatomical reduction of all fractures wasFig. 2. Intra-opertive phtograph showing two plates fixation with two
pins on each side of the fracture line.
Fig. 3. Left. Preopertive photograph showing right side open bite with step deformity at the symphyseal region (Case No.4). Right. Three months
postopertivelly photograph showing excellent occlusion (Case No. 4).
Fig. 5. Bar chart representing bone gain at different follow up
periods.
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Xcelsior water bath at about (55:60c) for few seconds
untill adequate malleablity of the plate was achieved to
allow perfect adaptaion and contouring to the bone.
Then drilling was achieved using 1.6 mm drill bit with
length 4 or 5 mm. At least two pins are used on each
side of the fracture line.
The SonicPins Rx in diameter of 2.1 mm and length
4 or 5 mm were handled by Sonotrode and inserted in
the hole in the same path of drilling to avoid melting of
the pin outside the hole. When affixing plates in the
symphesis region, the lower plate was applied first and
the subabical plate was applied secondly according to
champy's line.
The wound was irrigated with normal saline and
sutured with absorbable polyglycolic acid (PGA) su-
ture material 4/0 in two layers both muscle and mu-
cosa. Then the maxillomandibular fixation was
removed and the passive occlusion was checked. TheFig. 4. Three days postoperative patient phtograph showing guiding
elastics for correction of minor occlusal discrepancies (case no. 6).stability of the reduced segments was manually
checked.
2.5. Post-operative care
All patients were carefully observed during recov-
ery from general anesthesia with special attention to
respiration, pulse, blood pressure, temperature.
The prophylactic analgesics and antibiotics were
continued for one week postoperatively for all patients
such as Cefotax3 vial about 50e180 mg/kg/day and
Dolphen4 suppositories about 0.5e2 mg/kg/day. All
patients were instructed to take oral fluids after com-
plete recovery and continue with semi-solid diets
containing the essential dietary supplements. The pa-
tients were instructed to take care of the oral hygiene.3 cefotaxime, third generation cephalosporin antibiotic, Egyptian
Int. Pharmaceutical Industries co. E. I. P. I. CO. 10th of Ramadan
City.
4 Diclofenac sodium, NSAIDs, Delta Pharma S. A. E., 10th of
Ramadan City.
Fig. 6. Bar chart representing bone mineral density after one and
three months.
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All patients were followed up immediately, at two
weeks and at one, three and six months postoperatively
as follows:-
2.6.1. Clinically
All patients were evaluated immediately regarding
occlusion and stability of the reduced segments.
At two weeks the wound was inspected accurately
for proper healing, wound dehiscence, infection or
scarring. Occlusion was inspected by estimation of
midline anteriorly and intercuspation posteriorly to
detect any occlusal discrepancy.
At one, three and six months, union of the fracture
is tested for mobility at the fracture site bimanually.
2.6.2. Radiograhically
 Panoramic radiographs were done to detect the accurate
reduction and proper approximation and alignment of the
segments and bone healing at the fractured site immedi-
ately and at one, three and six months postoperatively.
Evaluation of the panoramic radiographs withFig. 7. Right. Preopertive axial computed tomography (CT) showing sever
Immediate postopertive axial computed tomography (CT) showing properlComputerized Gray Level Scales according to Chen and
Hollendor [12].
 Quantitative computed tomography (CT) was done to
evaluate the bone mineral density at the fractured site and
to confirm proper alignment and healing of the reduced
segments after one and three months postoperatively.
3. Results
This study comprised eight patients with displaced
mandibular fractures treated with open reduction and
internal fixation with biodegradable plates using ul-
trasound based welding process by (Sonic weld Rx).
All patients followed up for six months postopertively
both clinically and radiographically and the results
were:
3.1. Clinical results
Primary wound healing uneventfully was achieved
in six patients with no signs of infection or scaring and
two patients (case no.3&4) exhibited scaring in the
repaired wound. All patients had good alignment and
proper occlusion without any discrepancy post-
opertively except one patient (case no.6) had minor
occlusal discrepancies postopertively corrected by
guiding elastics for 10 days.
The stability of the fractured segments was achieved
in all cases as healing of bone examined clinically at
one, three and six months when the fracture is tested
for mobility at the fracture site bimanually.
3.2. Radiographic results
Immediate postopertive radiographs showed accu-
rate reduction and excellent alignment of the fractured
segments in all cases.e displacement of symphyseal mandibular fracture (Case No.8). Left.
y reduced fractured segments (Case No.8).
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opertively revealed no change in the position of the
reduced segments in all cases. After three months, the
radiographic examination revealed that the fracture
line difficult to be detected. It was almost disappeared
after six months.
All over the follow-up period, no abnormal re-
actions, no rarefaction or sequestration in bone seen in
all cases. Drill channels were also visible in all samples
of the CT scans during the entire study period.
By the end of the follow-up period, none of the
patients showed any signs of non union.
3.2.1. Gray scale measurements
The changes in gray level detection in all cases at
different follow up periods were recorded. The mean
differences from base line (immediate postoperative) to
the other follow up periods (after one, three, six
months postoperatively) of all patients were statisti-
cally analyzed.
Comparison of bone gain at different periods of
follow up among patients was shown in Table 1.
Immediately after operation the mean value was
81.875 ± 3.137, increase in bone gain was observed
one month later to reach 104.250 ± 6.964 (p < 0.001)
which was significantly higher than the immediate
postoperative value. The increase in bone gain
continued at three and six months postopertively to
reach 123.500 ± 3.665 and 137.125 ± 4.612,
(p < 0.001) respectively. These changes were found
also statistically significant.
3.2.2. Quantitative computed tomography (CT)
The mean value of bone mineral density after one
month was found to be 418.834 ± 51.544. After three
months, the mean significantly increased to
714.684 ± 53.942.
4. Discussion
The introduction of Sonic Weld with biodegradable
plates claiming that it will augment the mechanical
properties and fracture stability giving the opportunity
to replace the metallic plates in fixation of mandibular
fracture [13]. However little literature are available on
this point and so accordingly we planned this study to
evaluate using of ultrasound based welding process for
fixation of biodegradable plates in pediatric mandib-
ular fractures.
In our study, males exceeded females in number,
with a male percentage of 87.50%. This goes in
accordance with Bataineh [14] and Van Beek andMerkx [15] who has attributed this fact to the greater
and more dangerous activities among boys.
Falls were the main etiologic factor in our study
50% and this was found to be parallel with the
findings of Sadakah [16] who reported that, falls are
the most common etiology of facial fractures in in-
fants and preschool children. On the other hand,
Posnick et al. [2], found that traffic related accidents
were the main etiologic factor accounting for 50%
which was the second common cause of fracture in
our study accounting for 37.50% followed by sports
12.50%.
Following the recommendation of Suuronen et al.
[17], who determined that the copolymer PDLLA is
especially recommended for children because of fast
resorption and less risk of growth impairment for the
fast growing skeleton. This specification encouraged us
to use the copolymer PDLLA plates and screws in the
present study. Poly-D and L-lactic acid which was used
in our study is completely amorphas material consist-
ing of D-lactide and L-lactide (each 50%). As both
components are present in the same proportion, the
biological degradation process is both predictable and
safe. This copolymer is better than the pure PLA or
PGA according to Turvey et al. [18], who found that
the degradation products of pure PLA or PGA may
cause inflammatory reactions.
In this study, the welding technique incorporated in
the Sonicweld Rx system. A biodegradable pin is
placed into an ultra-sound activated sonic electrode,
called a sonotrode and inserted into the bone hole. As a
result of the added ultra-sound energy, the thermo-
plastic biodegradable pin will melt, resulting in a flow
of biodegradable polymers into the cortical bone layer
and the cavities of the underlying cancellous bone. At
the same time, the biodegradable plate and pinhead
fuse, due to the welding technique, the handling
characteristic as well as the mechanical properties are
greatly enhanced as with the studies achieved by Buijs
et al., [19].
In our study, only one case developed infection on
sixth postoperative day in parasymphyseal area,So, the
biodegradable plates and screws had to be removed,
this was in agreement with Yerit et al. [20], and Val-
lentino et al. [21], where they reported infection more
common in the anterior portion of the mandible where
in this area the vestibule is more dependent, and more
susceptible to pooling of food and secretions that may
increase the chance of infection. However in our study,
the patient received chin trauma postopertivelly after
plate fixation which result in plate fracture and devel-
opment of infection.
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patients. In addition, none of the patients in the current
study developed malunion or non-union, and this goes
in accordance with Buijs et al. [19], who supported the
hypothesis that the principle of fusion of the plate and
the pinheads results in better mechanical biodegradable
device strength and stiffness.
In the current study, only one patient exhibit minor
occlusal discrepancies (case no.6) in the first week
postopertively. The occlusal discrepancies were cor-
rected by placement of light guiding elactics according
to Laugblin et al. [22], who reported three patients had
minor occlusal discrepancies.
Radiolologic examination of the patients involved
in this study showed perfectly aligned fracture seg-
ments and there were no bony resorption or rarefaction
around the plates or pins. Moreover, the healing of the
fractures was progressively noticed as the fracture lines
were difficult to be detected after 3 months. This was
in consistent with Buijs et al. [19], who stated that, due
to the welding technique, the mechanical properties are
greatly enhanced.
According to Chen and Hollendor [12], the more the
gray levels the more the contents of the calcified tis-
sues. The radiographic results analysis in the current
study showed significant and better healing of the
fracture line in gray level value at the different follow
up periods. Also, there was significant increase in the
mean value of bone mineral density from one month to
three months postoperatively.
The results of this study revealed rapid healing which
was obvious after 1 month as bone mineral density at
the fracture lines after one month was very close to bone
mineral density of normal bone. This was explained by
Kawai et al. [23], who stated that the increase in oste-
ogenic changes started at the fourth postoperative week
after mandibular fracture in the young patients and at
the eighth week in the older patients.
Although the persestance of the radiologically
detected holes after 3 months. However, it did not
affect the stability of the fracture or healing. This
explained the basis of the findings of Goldstein [10],
who proved that the materials provided mechanical
strength at implantation time as retained for eight to
ten weeks, allowing complete fracture healing and
bone regeneration and the material degrades at the
same speed as ossification takes place. Moreover, Pil-
ling et al. [9], also proved that, complete degradation
of the SonicPins Rx and full drill hole ossification after
12 months without residues left.
In this study, there was no injury to teeth germs in
any of the treated children as discovered on the basisof clinical and radiographical evaluations. This was in
accordance with Koltai et al. [24], and Eppley [7],
who stated that the main advantage of resorbable
screws in the pediatric mandible is the avoidance of
potential odontogenic injury. As the drill hole and
tapping of the screw threads penetrate only the outer
cortex, injury to developing teeth is unlikely. Even if
the resorbable screw tip encroaches upon a tooth, its
tip is blunt and none penetrating, subsequent resorp-
tion of the screws removes any potential obstruction to
tooth eruption.
Inspite of the high cost and size of the plate which
did not give the opportunity for having adequate space
between the plates when using more than one plate as
in the symphyseal region, however, there was no need
for soft tissue manipulation for closure and bone &
wound healing was uneventfully without any unwanted
reaction giving an excellent opportunity for using this
type of plates in displaced pediatric mandibular frac-
tures receiving internal fixation.
Although the technique of fixation is demanding
regarding plate adaptation and path of pin insertion,
however, it gives superior mechanical stability because
of the added ultrasound energy, the thermoplastic
biodegradable pin will melt, resulting in a flow of
biodegradable polymers into the cortical bone layer
and the cavities of the cancellous bone. Also, the
biodegradable plate and pin head fuse at the same time
as reported by Buijs et al., [19]. It requires no tapping
and gives the opportunity for reinsertion of another pin
in case of melting of the pin outside the hole.
5. Conclusion
The analysis of the clinical and radiographic results
of the current study, proved that, ultrasound based
welding process by (Sonic weld Rx) for fixation of
PDLLA plates and pins was effective in pediatric
mandibular fractures.
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